This study is focused on principles of rain gardens in landscape architecture and their application in Slovak conditions. Rain gardens can be seen as a part of sustainable design and application of ecological principles in changing natural conditions. The simplicity of a rain garden represents combination of rainwater management and flower planting, which is a strong landscaping element because of the connection between ecology and aesthetics. Plants used in rain gardens help to keep water by the root system and, after that, to transpire it. Another importance of this kind of arrangement is its simplicity and positive impact on creation of a new bio-retentive ecosystem, which is able to safely collect, absorb, filtrate and carry off rain water from paved areas. Many foreign countries have understood their importance and have already implemented them in new projects of public and private spaces. This paper also describes a theoretical planting proposal of a rain garden in a housing estate in the city of Nitra to demonstrate a real application of this technique in Slovak conditions.
Veronika VACULOVÁ, Roberta ŠTĚPÁNKOVÁ
The use of rain gardens and their practical application through landscape architecture is an issue of transformation of architects' and urbanists' thinking and their orientation towards sustainable design. During the rainy season, there is a large amount of water outflow through sewerage in areas with high proportion of hard surfaces or areas with extensive built-up surfaces. In this case, water is drained by pipe-lines to natural water systems (streams, rivers). As a consequence, it leads to water pollution and floods. Natural or planned (by spout pipes) alignment of water flow to rain gardens allows to relieve sewers, save funds, enhance the environment and make room for a new ecosystem. The plants (perennials, grasses, shrubs or small trees) allow the collection of storm water by their root system with consequential water transpiration. Plants act in simple and eco-friendly way in draining the excess of stormwater from hard surfaces. Similar principle is used in constructed wetlands that are used for treatment of the sewage wastewater (Fuska, 2009) .
The city of Seattle (Washington, USA) is a good example of construction of rain gardens by providing a number of programs focused on stormwater management. The "Rain Wise Program" is centered on conscious water management, helps in planting and creating rain gardens etc. The "12,000 Rain Gardens" is a campaign led by the Washington State University and the Stewardship Partners with the aim of creating 12,000 rain gardens in Seattle by 2016. As a part of the project, there is a support for consultations, public awareness, workshops, volunteering and assistance, organising events and creating an online map allowing marking and monitoring the progress of emerging gardens (12000 raingardens.org, RainWise Program).
Materials for project development y technical blueprints and situation plans of the studied area, digital format, system SJTSK; y Landscape Atlas of the Slovak Republic [online] . Available at: <http://globus.sazp. sk/atlassr/>; y data of average amount of rainfall totals in Nitra for 30 year time period (Source: Slovak Hydro-Meteorological Institute); y soil maps [online] . Available at: <https://podnemapy.sk/> (Hraško et al., 1993) .
Rain gardens -principles and construction
Rain gardens represent the natural water-absorbing elements with an aesthetic effect of flower bed planting. Rain gardens are terrain depressions planted with perennials and small shrubs or trees in the middle of which the root systems keep and consequentially transpire storm water. It is a bio-retention system that collects, absorbs, filtrates and safely drains away the excess of storm water of hard surfaces (Díaz Iglesias, 2013) . In urban areas, the percentage of hard surfaces rates between 20% (in residential areas) to 85% in industrial areas (Novotny and Olem, 1994) . There is about 9 times higher runoff from hard surfaces than it is in natural surfaces with the same area (Dane County Lakes and Watershed Commission). Laurenson and Arundell (2010) define a rain garden as a "water sensitive urban design". The efficiency of water absorption is one of the main qualities; compared to grass surfaces, it is 30-40% higher. Veronika VACULOVÁ, Roberta ŠTĚPÁNKOVÁ The stormwater includes various substances -chemicals, microbiological pathogens, soft sediments, phosphorus, nitrogen etc. According to Stiffler (2013) , rain gardens act as a sponge because of water absorbing. The contaminated water substances are purified and eliminated by the rain garden plants. They also enrich underground waters; plants attract organisms and small animals, help to improve microclimatic conditions and to purify the environment (Tóth et al., 2015) .
According to various authors, the rain garden establishment is possible almost anywhere. However, authors differ in their opinions on the distance of rain gardens from buildings; Hoffman and Orozco (2003) indicate 7.5 meters as the minimum. Other authors, publications and handbooks for USA set 3 meters as the minimum distance for simple buildings (Bannerman -Considine, Dane County Lakes and Watershed Commission) and 6 meters for basement buildings, while distance from roads is 1 meter (Rain-Garden Design and Implementation for Cansas Property Owners). It is important to take care of septic, engineering network and mature trees. A rain garden should be placed on sunny or semi-shaded locations, the lower area of a hillside is recommended (Rain-Garden Design and Implementation for Cansas Property Owners).
Another important factor regarding rain gardens is soil class and soil permeability. According to Díaz Iglesias (2013), the recommended soil combination is 50-60% of sand, 30-40% of loam and 5-10% of organic material. Hoffman and Orozco (2003) indicate a soil combination -50% of sand, 20-30% of top soil, 5% of loam a 20-30% of organic material (leaf fall). Fresh mulch is top coat and it is important to use a layer of 0.05-0.07 meters of thickness of this material.
The shape of a garden can differ a lot. In most cases, rain gardens are formed into a 'bean shape' . According to the guide for Alabama Master Gardeners (BannermannConsidine), this shape is not necessary to use. However, there is a wide variety regarding the quality and the soil class, the depth of rain gardens, slopes and the size of rain gardens. The area depends on the size of the roofed areas which act as a water source and represent 1/3 to 1/4 of that roof; it varies between 9.3-27.8 square meters (Dane County Lakes and Watershed Commission). There is another relation -the distance from the water source (roof ) and the soil class. In this case, the guide for Alabama Master Gardeners (Bannermann -Considine) indicates 'size factor' , which is multiplied by the size of collection area and as a result, there is a recommended size of a rain garden.
Laurenson and Arundell (2010) distinguish two categories of rain gardens -large rain gardens with the size of 30 square meters and more; and small rain gardens with the size of 1-2 square meters or less. For both sizes, it is important to meet the criterion of length to width ratio of 2 : 1. If the planting area of rain gardens exceeds 30 square meters, it is recommended to divide the area into various smaller parts.
Authors also differ in the setting of an optimal depth of rain gardens -the guide for Alabama (BannermannConsidine) indicates the depth of 0.10 to 0.20 meters, Natural Resources Conservation Service of USDA (2011) There are two possibilities how to construct the inlet of water into a rain garden. One of them is a direct way by spout pipes or sloped furrow. The other option is the underground inflow with outfall, reinforced with geotextile covered with gravel. The important part of a rain garden is the water outlet that acts as a spillway in the case of extreme storms. The outflow is placed above the maximum water level and in the period of exceeding saturation (heavy rainfall), the water is flowing out of the rain garden -it is necessary to take into account the spilling of water exceeding the area of rain garden during the design process.
In rain gardens, it is recommended to use local plant species because of their better adaptation to local natural conditions, especially water excess or water deficiency (Rain-Garden Design and Implementation for Cansas Property Owners). Apart from herbs, small shrubs or trees can be used as well. According to Hoffman and Orozco (2003) , it is recommended to use three kinds of trees and three kinds of shrubs as the minimum to ensure a better biodiversity of a rain garden system. The planting area is divided into three zones -plants which tolerate water excess are located in the central part, plants tolerant to short-term inundation are located towards external part and plants preferring drier soils are planted in the outer parts (Díaz Iglesias, 2013) .
The maintenance of a rain garden in the form of weed control is important, especially in the first two years of rain garden operation, till the plants are strong enough to compete. During the first weeks of the dry season, it is necessary to provide ordinary watering. Control and renewal of mulch is also important in spring and autumn. As for a perennial bed -control, cleaning and removal of dead organic material in spring are necessary to keep plants healthy and functional. It is prohibited to fertilise or to use chemical treatment. Maintenance of water inlet and water outlet is also of particular importance.
table 1
Size factor of rain gardens -distance from the water source under (9.14 meters) The studied topic was applied to a study dedicated to revitalization of the public space in the housing estate Diely IV, Nitra in the form of rain gardens in the central part. Water management in this area is also applied to this study in the form of underground water reservoirs, permeable concrete in parking lots, vegetation, etc. The rain garden is portrayed as a narrow line of terrain depression, which is situated near a pathway in the central part of the housing estate. The planting area is divided into three parts because of its dimensions -100 square meters in total (RG 1-30 square meters, RG 2-30 square meters a RG 3-40 square meters -divided into two smaller rain gardens). The inner structure of the gardens includes three zones planted with groups of plants tolerant to soil moisture fluctuation (the border -plant tolerant to longterm drought, the central zone -plants tolerant to local soil wetness, the inner part of the rain garden -plant tolerant to long-term wet soils).
Location of the rain garden under the terrain modulation allows the natural water to flow in the rainy season. The shape of the planting area also contributes to a better absorption of water -the longer side is oriented to the ground slope. 
figure 4
Visualization of the rain garden in the housing estate Diely, Nitra is also possible to connect the planting area with spouts using underground pipes. Plants used in the rain garden should represent autochthonous and resistant species. Autochthonous plants are more tolerant to excess of water deficiency, because of their strong root system. The planting process is based on distributing the plants into three zones (each zone = one plant mixture). Selected plant species are planted arbitrarily by their reference to the specific rain garden zone.
Landscape architecture focused on sustainable design in Central Veronika VACULOVÁ, Roberta ŠTĚPÁNKOVÁ Europe is still behind the developed countries. The aim of this paper is to provide an overview of possibilities and importance of new trends in landscaping, raising thereby the public awareness. The elaborated issue of rain gardens can significantly contribute to green infrastructure improvement, which leads to sustainable urban landscapes that are more resistant to climate change as stated by Tóth and Feriancová (2014) . The studied topic was applied to the project proposal for rain gardens in the housing estate Diely IV, Nitra. It is paradoxical that there has been no attention paid to rain gardens so far, considering the simplicity of their implementation and subsequent maintenance.
Conclusion
Application of ecological approaches in landscape architecture or revitalisation process is one of the main steps in creating urban areas without environmental deterioration, increased financial demands caused by necessary maintenance and sociological effect on new generations. Rain gardens represent a simple solution, which is also easily incorporated into plans and their environmental impact helps to keep the balance of the environment. Rain gardens are an element of water management -they safely drain the rain water. Furthermore, they form a new bio-center in urban areas, affect the microclimate, and plants positively influence the aesthetics of the environment in the blooming period.
